ABSTRACT. The somatostatin protein plays a crucial role in the regulation of multiple biological functions, such as growth, fat deposition, and nutrient absorption in vertebrates. Polymorphisms in the somatostatin gene have been associated with growth traits in livestock species, including cattle and goat. In this study, we conducted complete molecular characterization of the somatostatin gene in Bubalus bubalis (Murrah breed) by sequencing a Murrah BAC clone spanning 72,489 base pairs (bp) in length. The buffalo somatostatin gene contains 1481 bp organized into a 5'-untranslated region (135 bp), exon 1 (139 bp), intron 1 (839 bp), exon 2 (212 bp), and 3'UTR (156 bp). Comparative analysis between the buffalo somatostatin DNA coding sequence and the amino acid sequence with other bovids (cattle, goat, and sheep), horse, pig, human, rodents (mouse and rat), and chicken. Identity varied from 83-99% on the DNA sequence level and 88-100% on the protein level. In addition, a comparison of gene sequences between Murrah and Mediterranean breeds revealed 6 potential single-nucleotide polymorphisms (1 in exon 1 and 5 in intron 1), which were validated in different buffalo populations. This comparative analysis provides basic information for future studies of different buffalo herds using the 
INTRODUCTION
The somatostatin gene (SST) has been described in all vertebrates as one of the most important genes responsible for growth, fat deposition, and nutrient absorption. This gene influences growth, mainly by inhibiting different hormone secretion pathways. SST was originally described as a hypothalamic peptide that inhibits the secretion of growth hormone, negatively regulating growth (Brazeau et al., 1973) . Various studies have shown that SST also inhibits peptides outside of the central nervous system, such as those found in the gastrointestinal tract (gastrin, secretin, and ghrelin) and pancreas (glucagon and insulin), in addition to those in the anterior pituitary gland (prolactin and thyrotropin) (Lloyd et al., 1997; Strowski et al., 2000; Luque et al., 2006) .
SST is expressed by neuroendocrine, inflammatory, and im mune cells in response to neuropeptides, cytokines, and growth factors (Reichlin, 1983) . The presence of SST in a variety of endocrine and non-endocrine tissues, such as the placenta, pancreas, stomach, kidney, liver, lung, and intestinal tract, reflects its multiple biological functions (Patel, 1999; Møller et al., 2003) . The role of this protein has been related to the regulation of acid gastric secretion, which controls digestion and absorption rates, influencing feed conversion, growth, and adiposity traits (Colturi et al., 1984; Lloyd et al., 1997; Luque et al., 2006) . In cattle, SST was also found to be related to the expression of fertility genes and oocyte maturation rates (Moaeen-ud-Din et al., 2009) .
Polymorphisms in the SST gene have been associated with growth traits in cattle (Morsci et al., 2006; Gao et al., 2011) and goat (Jin et al., 2011) . Additionally, Kim et al. (2003) and Cai et al. (2004) identified the SST gene as a positional candidate in cattle for detecting quantitative trait loci affecting growth traits, including marbling, carcass weight, quality, and yield grades in Bos indicus x Bos taurus backcross and F 2 progeny.
The river buffalo Bubalus bubalis holds great promise and potential for animal agriculture, playing an important role in the worldwide economy because of its high-quality milk and meat production. Genome analysis methods have advanced significantly in the last decade and now include genomic tools such as the whole genome radiation hybrid panel used for genome mapping (Amaral et al., 2007 (Amaral et al., , 2008 and the construction of a Murrah breed BAC library for resequencing of specific regions from the genome, as well as the development of high-density physical maps (Stafuzza et al., 2012) . Recently, the genome sequence of the Mediterranean breed was publicly released by the National Center for Biotechnology Information database (NCBI -http://www.ncbi.nlm.nih.gov/assembly/67671).
Because few studies have examined the SST gene in river buffalo, we characterized the structure of this gene in the Murrah breed using next-generation sequencing of a BAC clone and performed comparative analysis of the DNA coding and amino acid sequences against those from others mammals and chicken.
MATERIAL AND METHODS

Bacterial artificial chromosome library screening
The river buffalo BAC library was screened (3-D screening method) by polymerase chain reaction (PCR) using the oligonucleotide primers forward 5'-CATGTTTACGGTTG CGAAAGG-3' and reverse 5'-GGGTCTTATTGAGGATTGGAG-3' designed using the Primer3web version 4.0.0 (http://bioinfo.ut.ee/primer3/), based on the SST gene sequence from Bos taurus UMD_3.1 reference assembly (GenBank accession No. AC_000158.1, 80, 250, 251, 648) .
The 3-D screening of the library was carried out in 3 steps. The first step was performed with 17 superpools, where each superpool contained BAC clones from 8 384-well plates. In the second step, 8 single pools, representing BAC clones from each of the 8 plates in the positive superpool, were screened. Finally, the pooled row and column BAC clones from the positive plate were screened. The intersection of the row and column identified the location of the positive BAC clone for the SST gene.
PCRs included: 10 mM Tris-HCl, 1.5 mM MgCl 2 , 50 mM KCl, 10 mM dNTPs, 0.2 mM of each primer, 0.5 U AmpliTaq Gold polymerase (Life Technologies TM , Carlsbad, CA, USA), and 2 mL BAC DNA in a 25-mL reaction volume. Amplification conditions were as follows: initial denaturation at 94°C for 10 min, followed by 35 cycles at 94°C for 30 s (denaturation), 50°C for 30 s (annealing), 72°C for 30 s (extension), and final extension at 72°C for 7 min. The PCR products were electrophoresed on 2% agarose gels in 1X TBE buffer containing 0.25 mg/mL ethidium bromide and photographed under UV light.
Isolation of BAC DNA
The positive clone for the SST gene was grown in 50 mL Luria-Bertani medium containing 12.5 mg/mL chloramphenicol. The BAC DNA was purified using the PhasePrep™ BAC DNA Kit (Sigma-Aldrich, St. Louis, MO, USA) as described by the manufacturer. Briefly, clones were harvested by centrifugation at 5000 g for 10 min. The supernatant was removed and the pellet was resuspended in 250 mL solution containing RNase and 250 mL lysis components followed by the addition of 250 mL neutralization solution. The sample was incubated on ice for 5 min and centrifuged at 16,000 g for 5 min at 4°C. The supernatant was transferred to a 2-mL microcentrifuge tube and 450 mL isopropanol was added. Nucleic acids were collected by centrifugation at 16,000 g for 20 min at 4°C. The pellet was washed with 100 mL 70% ethanol and followed by addition of 500 mL elution solution.
Endotoxins and other impurities were removed by the addition of 100 mL endotoxin removal solution followed by incubation on ice for 5 min and 37°C for 5 min. The clear upper phase containing the BAC DNA was transferred to another 2-mL microcentrifuge tube followed by the addition of 540 mL DNA precipitation solution and centrifugation at 16,000 g for 20 min at 4°C. The supernatant was removed and the pellet was washed with 150 mL 70% ethanol. The sample was centrifuged at 16,000 g for 20 min at 4°C. The supernatant was discarded and the BAC DNA was eluted in 100 mL TE buffer.
The DNA concentration was determined using a NanoDrop spectrophotometer (Thermo Scientific, Waltham, MA, USA) and adjusted to 100 ng/mL. An additional PCR with the purified DNA was performed as described to confirm amplification of the SST gene.
BAC DNA sequencing and bioinformatic analysis
BAC DNA was sequenced by next-generation sequencing using 454-pyrosequencing -GS FLX Titanium chemistry (Roche, Basel, Switzerland) performed at the 454 Sequencing Center (Branford, CT, USA). Sequence data was assembled using the GS De Novo Assembler version 2.6 (Roche).
Repetitive DNA elements in the DNA sequence were identified using RepeatMasker (http://www.repeatmasker.org/). The Augustus software was used to predict genes from the masked nucleotide sequence (http://bioinf.uni-greifswald.de/augustus/). The predicted gene sequence was aligned against the NCBI reference mRNA sequences from Bos taurus using BLAST tools (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and the predicted peptide sequence was aligned against non-redundant protein sequences by BLASTp (protein-protein BLAST) to verify homology among other species and identify the predicted gene.
The coordinates of exons, introns, 5'-untranslated region (UTR) and 3'UTR were obtained performing an alignment between the BAC DNA sequence from the Murrah breed against the predicted gene sequence available for the Mediterranean breed on NCBI (http://www.ncbi.nlm.nih.gov/assembly/67671).
VISTA plots were generated using wgVISTA alignment (http://genome.lbl.gov/cgibin/WGVistaInput) with the bovine chromosome 1 genomic scaffold (GenBank accession No. NW_003103812.1) to reveal the relative nucleotide identity between river buffalo and bovine.
Clustal Omega software (http://www.ebi.ac.uk/Tools/msa/clustalo/) was used to align the coding gene sequences and amino acids sequences from the following species: B. bubalis,
B. taurus, Ovis aries, Capra hircus, Sus scrofa, Equus caballus, Homo sapiens, Rattus norvegicus, Mus musculus, and Gallus gallus.
Additionally, we performed an alignment of the river buffalo BAC DNA sequence from the Murrah breed against the predicted gene sequence available for the Mediterranean breed on NCBI (GenBank accession No. NW_005785332.1, unplaced genomic scaffold scf7180021617452, UMD_CASPUR_WB_2.0).
RESULTS
The screening of the river buffalo BAC library resulted in the identification of 1 positive clone for the SST gene. The 454/Roche GS FLX sequencer generated a total of 4012 reads with an average read length of 707 nucleotides arranged in 1 contig of 72,489 nucleotides, providing 38. Comparative analysis using wgVISTA alignment between the SST gene from buffalo and bovine (chromosome 1 genomic scaffold -GenBank accession No. NW_003103812.1) showed 98.1% conservation of the 5'UTR region, 99.3% on exon 1, 98.1% on intron 1, 99.5% on exon 2, and 100% on the 3'UTR (Figure 1) . On the protein level, the amino acid sequence from the river buffalo revealed 100% identity with the sequences described in goat (GenBank accession No. NP_001274484.1), sheep (GenBank accession No. NP_001009196.1), horse (GenBank accession No. XP_001499743.1), and pig (GenBank accession No. NP_001009583.1). Cattle (GenBank accession No. NP_776385) and human (GenBank accession No. NP_001039) showed 99% identity on the protein level, while rat and mouse (GenBank accession No. NP_036791.1 and NP_033241.1, respectively) showed 97% and chicken (GenBank accession No. NP_990667.1) showed 88% identity (Figure 3) .
Alignment of the SST gene sequence from the Murrah breed against the predicted gene sequence for the Mediterranean breed (GenBank accession No. NW_005785332.1) revealed 99% identity. Six nucleotide substitutions (1 on exon 1 and 5 on intron 1) and 1 deletion (intron 1) were observed in the Murrah breed sequence at the following positions: exon 1 (g.207C>A) and intron 1 (g.371T>C, g.456delT, g.467T>C, g.610A>C, g.906A>C, and g.999G>A). The river buffalo BAC library is a valuable tool for investigating genome organization and chromosome evolution in closely related species as well as for the resequencing of target regions of the genome, providing an accurate assembly of the sequences. In this study, we isolated 1 BAC clone from the Murrah BAC library containing the SST gene. We determined that the buffalo SST gene was a total length of 1481 bp, organized into 2 exons (exon 1 and 2) and 1 intron (intron 1) as well as the complete 5' and 3'UTR sequences. The exon/intron size ratio of 1:2.39 observed from river buffalo was the same as that observed in cattle, sheep, and goat.
DISCUSSION
The difference in the total length of the SST gene observed in buffalo when compared with other species appears to be the result of differences found only in the size of intron 1 and UTRs. The buffalo intron 1 also showed 1 microsatellite sequence of 60 bp, which was also observed in all other bovids (cattle, sheep, and goat) but not in pig, horse, human, rodents, and chickens.
Multiple alignments of the buffalo SST gene coding sequences showed conservation in the size of both exons, exon 1 (139 bp) and exon 2 (212 bp), in all species analyzed in this study. Both exons from the buffalo gene showed 99% identity with the exons from other bovids (cattle, sheep, and goat). Interestingly, on the protein level, the buffalo somatostatin protein showed 100% identity with sheep and goat and only 99% identity with cattle, resulting from 1 nonsynonymous substitution that occurred on cattle exon 2 (Ile65Asn).
Additionally, comparison of the Murrah breed against the predicted gene sequence for the Mediterranean breed revealed 6 potential SNPs that could be used to determine the genetic structure of these 2 buffalo breeds.
Characterization of the river buffalo SST gene confirmed the high conservation of its structure when compared with several vertebrates. The comparative analysis described in this study provides basic information for future studies in different river buffalo populations, possibly using the position candidate gene approach, quantitative trait loci analysis, and polymorphisms associated with growth traits.
